The rK39 rapid immunochromatographic test (ICT) is now being widely used in the diagnosis of visceral leishmaniasis (VL) using serum. We evaluated the presence of anti-rK-39 antibody in human saliva being noninvasive to replace the invasive procedures of diagnosis. Enzyme-linked immunosorbent assay (ELISA) and ICT assays were performed in 300 subjects: 114-confirmed VL patients, 95 and 47 healthy controls from endemic and nonendemic regions, respectively, and 44 subjects with different diseases. Sensitivity in saliva was 83.3% by ELISA and 82.5% by ICT, compared with 100% for both ICT and ELISA in serum. Specificity in saliva was 100%, 90.5%, and 88.6% with ELISA, and 91.48%, 91.57%, and 84.06% using ICT, in nonendemic, endemic, and different diseases, respectively. In serum, specificity was 97%, 88.5%, and 89% by ELISA and 100%, 94.7%, and 95.5% by ICT in nonendemic, endemic, and different diseases, respectively. Saliva is not suitable for diagnosis of VL because of low sensitivity.
INTRODUCTION
Visceral leishmaniasis (VL) is one of the most important parasitic diseases in the Indian subcontinent, and India alone accounts for 40-50% of the world's burden of the disease. 1 Because the disease is fatal, and most of the drugs used in its treatment carry significant adverse events, an early and accurate diagnosis is essential. 2, 3 Demonstration of parasites in splenic aspirates is the gold standard in the diagnosis of VL; however, these procedures are painful and associated with the risk of serious hemorrhage. Following the discovery of a 39-amino acid residue (k-39) encoded by a kinesin-related gene in the amastigotes of Leishmania chagasi, it has been used in the format of enzyme-linked immunosorbent assay (ELISA) and immunochromatographic test (ICT) for detection of antibodies with high sensitivity and specificity. 1, [4] [5] [6] Anti-k39 antibodies are secreted into various body fluids such as urine and sputum along with blood, and have been shown to be useful in the diagnosis of VL (Sundar and others, unpublished data). 7 Saliva is absolutely non-invasive, thus we evaluated the potential of using saliva in the diagnosis of VL by antibodies against rK39, using ICT and ELISA. Here, we compared the sensitivity and specificity of saliva samples by performing rK39 ICT and rK39 ELISA both in saliva and serum of the same subject for clinical diagnosis of VL.
MATERIAL AND METHODS
Study site. This prospective study was conducted at the Department of Medicine, Institute of Medical Sciences, Banaras Hindu University and at its field site at Kala-Azar Medical Research Center (KAMRC), Muzaffarpur, Bihar. The study was approved by the Ethics committee of the Banaras Hindu University, Varanasi, India and written informed consent was obtained from all subjects.
Inclusion and exclusion criteria. All eligible patients were consecutively enrolled in the study. One hundred forty suspected VL patients with prolonged fever, splenomegaly, and weight loss were screened through a positive serological test by rK39 dipstick. Parasitological confirmation was done by presence of amastigotes (Leishman-Donovan [LD] bodies) in splenic smears, and 114 such patients were included in the study. Patients 2 years of age, with a past history of kala-azar, positive human immunodeficiency virus serology, or a positive pregnancy test were excluded. Patients with other concurrent illnesses were also excluded. All healthy subjects with positive serology were followed for a minimum of 6 months for evolution of clinical VL.
Subjects. In this study, 300 subjects were enrolled during August 2009 to December 2009. Parasitologically confirmed 114 VL patients, adult and pediatrics, between 5 and 65 years of age were included in the study. The median age of the subjects was 25 years. Among the recruited patients, 48% of the subjects were male and 52% were female. The group of controls (N = 186) included 47 healthy controls from an area not endemic for VL, 95 healthy controls from endemic regions for VL, and 44 subjects with other infectious diseases such as tuberculosis (N = 8), malaria (N = 10), amebic liver abscess (N = 12), typhoid (N = 8), and dengue (N = 6).
Saliva and serum sample collection. Saliva and serum samples were collected from these 114 patients simultaneously before the start of treatment. Saliva was collected in 50 mL Falcon tubes with 2 mL of normal saline (0.9% NaCl, Merck, Mumbai, India) buffer, stored at 4 C and used within 48 hours. Saliva was collected generally in the early morning before brushing/flossing teeth, eating, or drinking. The cap of the tube was removed and saliva was spit directly into the tube. Serum was separated from 1 mL of blood collected in parallel from different groups of controls and confirmed VL patients and stored in cryovials at −20 C.
rK-39 strip test. We used a ready-to-use Immunochromatography strip manufactured by InBios Inc. (Seattle, WA). This strip has rK39 antigen immobilized as the lower band of the nitrocellulose pad of the strips, which contain protein A/colloidal gold as a detection reagent. 8 A band 1 cm above the rK-39 band contained antibody to protein A/colloidal gold and was used as a positive control to detect normal immunoglobulin G (IgG). In this study, 0.5 mL of the saliva was taken in a test tube and rK39 strip was dipped into it. By capillary action the saliva ascended up the strip. Three drops of the chase buffer provided with the kit were added to the pad. The results were read after 10 minutes. Appearance of a red upper (control) band indicated proper functioning of the test and that of a lower red (test) band suggested the presence of anti-K39 IgG in the saliva.
rK-39 ELISA. The rK39 antigen was received as a kind gift from S. G. Reed, Seattle, WA. The ELISA was carried *Address correspondence to Shyam Sundar, Professor of Medicine, Institute of Medical Sciences, Banaras Hindu University, Varanasi -221005, India. E-mail: drshyamsundar@hotmail.com out as described earlier 9 ; briefly, flat-bottom 96-well microtiter plates were coated with 25 ng/well (100 μL) of rK39 antigen in coating buffer (0.1 M carbonate-bicarbonate buffer, pH 9.6) and incubated overnight at 4 C. The plates were then blocked with blocking buffer (1% bovine serum albumin in 0.05 M phosphate buffer) for 2 hours at room temperature. Plates were then loaded with 100 μL of biological samples (i.e. serum and saliva simultaneously) and incubated at room temperature for 1 hour. The plates were washed five times with phosphate buffered saline containing 0.1% Tween-20 (pH 7.4) and then incubated with peroxidase-conjugated goat anti-human IgG (1:16,000 dilution in serum dilution buffer) at 37 C for 1 hour. Plates were again washed five times and incubated with tetramethylbenzidine substrate (Genei, Bangalore, India) for 15 minutes at room temperature in the dark. Finally, the reaction was stopped with 0.1 N H 2 SO 4 .
The optical density was measured at 450 nm. Each sample was assayed in duplicate. Saliva and serum pools of pretreated VL patients were used as a positive control and pooled nonendemic controls were used as a negative control in each plate.
Statistical analysis. The cutoff values for anti-rK-39 antibodies were set as the mean ± three times the standard deviation of the healthy nonendemic controls. 11 The serological data thus obtained were statistically analyzed with EPi Info (version 6, CDC, Atlanta, GA) and SPSS 16 (SPSS, Inc., Chicago, IL). Sensitivity and specificity estimation was done by 95% confidence interval (CI). Agreement between two tests was done by kappa value.
RESULTS
All the suspected VL cases that were enrolled in this study during August 2009 to December 2009 at KAMRC, Muzaffarpur, were confirmed by parasitological examination of amastigotes in splenic smears. Clinical characteristics of confirmed VL cases showed splenomegaly (mean splenic size 4.8 cm), pyrexia, and weight loss; whereas 38% of the cases suffered from thrombocytopenia and 56% cases had hepatomegaly. Other clinical and laboratory features of VL patients are mentioned in Table 1 .
The level of anti-rK-39 antibodies in saliva and serum of 300 subjects with confirmed VL cases and different control groups by ELISA, is demonstrated in Figure 1 . All VL cases were positive by sera samples with ELISA and ICT assay. There was excellent agreement between results with ELISA and ICT (Kappa 1, 95% CI = 0.97-1.0) for VL patients. There was absolute specificity in nonendemic healthy controls by ICT assay, however, only one subject showed positivity with ELISA (specificity 97.9%) in sera samples. In 44 subjects with other infectious diseases, 42 were negative with ICT and 39 were negative with ELISA. In the case of healthy subjects of the endemic region, more were positive with ELISA (84 of 95) than ICT assay (90 of 95, Table 2 ).
In saliva samples, almost equal numbers of subjects were positive with ELISA (94 of 114) and ICT assay (95 of 114). Agreement between ICT and ELISA results for VL patients was also good (kappa 0.88, 95% CI = 0.74-0.88). In healthy subjects of nonendemic regions there was absolute specificity by ELISA in saliva samples, whereas by ICT assay four subjects showed false positivity. In endemic controls specificity was almost equal by both the assays in saliva ( 90%). Although in the panel of 44 different diseases, 37 were negative with ICT and 39 were negative with ELISA in saliva ( Table 2 ). None of the healthy subjects with positive rK39 serology developed clinical VL up to 6 months of the follow-up period. 
DISCUSSION
In this study, anti-rK39 antibodies by rapid ICT and ELISA assays performed well using sera, consistent with previous studies, 5 although results with ELISA were slightly better than ICT. However, with saliva, the sensitivity, though greater than 80% by both techniques, were much below the acceptable limit of 95%. 11 Because we are measuring IgG, these findings are not surprising because the reported level of anti-rK-39 IgG antibodies is 600 times lower in saliva than in serum. Human serum contains~1,200 mg of IgG/100 mL, whereas saliva contains about 2 mg of IgG/100 mL. 12 The low sensitivity 83.3% makes saliva an unlikely candidate to be used for the diagnosis of VL. The specificity of using serum was along the expected lines, being perfect among the nonendemic controls and patients with other diseases, and slightly lower with endemic controls. The presence of antibody in nonendemic controls might be because of subclinical infection or an impending clinical illness. 4 With saliva, about 10% subjects tested positive across the categories of controls despite being negative in serology, and this suggests non-specific binding of antibodies to rK39 antigen. Contrary to these results, not any of the serological studies using rK39, a non-specific positive reaction has been reported in controls from nonendemic regions. 4 Although this study was conducted in an endemic area of Bihar, but because of the poor sensitivity and specificity of saliva, it cannot be used in normal clinical practice, notwithstanding an isolated report of extremely high sensitivity ( 99%) and specificity (100%) reported from Patna, 7 which could not be reproduced in this study. 
